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Abstract 
In this paper a knowledge acquisition and management system (KAMS) which allows the collection, analysis, 
ordering and storage of informations generated at starch liquefaction was developed.  KAMS was structured on three 
levels: PostgreSQL as a backend, D2RQ as middle tier and Seaside as frontend. The system was used to store 
knowledge about the liquefaction process with the goal to be used as a decision support system in chosing the 
condition for this operation. The tests had shown that the implemented KAMS provides support for: Distributed 
acquisition of the scientific data generated by the researchers; Structured data storage; Support for the generation and 
storage of knowledge on the starch bioconversion. 
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1. Introduction 
Enzymatic hydrolysis of starch is one of the most studied food biotechnology, used to obtain organic 
starch hydrolysates [1]. The action mechanism of the enzymes on starch is broadly known and enzymes 
are classified according to this mechanism [2]. This was achieved by studying the composition of the 
reaction bioproducts, named sweeteners as glucose syrups, maltose syrups or dextrins. The manufacturing 
of these products comprises three steps: gelatinisation and liquefaction of starch milk and the subsequent 
saccharification of the liquefied starch milk, with the obtaining of bioconversion products by using 
different enzymes and conditions [3].  
The complex composition of starch bioconversion products, the large number of enzymes used and the 
difficulty of obtaining identical products require the characterisation of this process [4]. The huge amount 
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of experimental data generated by the research can be used to build knowledge acquisition and 
management systems (KAMS).  
In a previous work, a decision support system was developed, that assists the choice of the optimal 
variant of the technological process for the enzymatic hydrolysis, in order to obtain a product with a 
specified domain of use [5]. It allows both storage and use of the expertise accumulated in the 
manufacturing process, and elaboration, based on this expertise, of new concepts about the hydrolysis 
process, useful for predicting the system behavior during other processes. This paper presents the 
development of the decision support system to a KAMS allowing the collection, analysis, ordering and 
storage of informations generated at starch liquefaction: bioprocess, characterisation of the liquefaction 
products and build of the bioprocess model. The necessity to build this application is given by the 
evolution of the enzyme market, where new enzymes with different working conditions (pH, temperature, 
calcium ions concentration) are continuously appearing [6]. 
2. Materials and Methods 
To support all of the levels of the project a three tier architecture, presented in figure 1, vas developed. 
The knowledge management system should provide:  
- Distributed acquisition of data resulted from the research;  
- Structured data storage for acquisition, modelling and project management views;  
- Knowledge generation on starch hydrolysis and hydrolysis products;  
- Distributed and safe access to the system data and system knowledge.  
Based on these requirements, PostgreSQL was chosen as a backend; this is an objectual relational 
DBMS with BSD type license.  
The used operating system was Linux Debian 5.0. for AMD64 architecture. For DBMS, the Postgres 
Plus Standard Server distribution from Enterprise DB for Linux x86-64 was used.  
The intermediary layer has to fulfil following tasks:  
x Data collection from the acquisition hardware;  
x data insertion and update in the database;  
x Metadata and meta-information generation and insertion, together with data, necessary for the 
management of the data related knowledge and for the generation of new metadata.  
Based on this analysis, the Python language was chosen as working environment for the intermediary 
layer. For creating a unitary interface, applications in Python were developed to collect the data from each 
experiment and to expose them as web services through OPC XML DA. 
For metadata description a semantic web platform with RDF (Resource Description Framework) 
support was used. 
Because the data will be stored in a classical database, a mapping between ontology and relational 
scheme has to be chosen. The D2RQ platform was selected for this task..  
In the context of the architecture defined before, the user interface should:  
x Collect the input from the user users;  
x Transform those inputs in requests for the services implemented in the intermediary layer;  
x Transmit the request to the responsible service;  
x Receive the answers and present them to the users.  
The Seaside environment was chosen for the development of the interface layer, because it has 
advantages for both the application architecture and the development. 
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Fig. 1. Architecture of  KAMS 
3. Results and discussions 
The system was used to store knowledge about the liquefaction process with the goal to be used as a 
decision support system in choosing the condition for this operation. The performed operation and the 
functioning of the system can be explained using the functional scheme presented in figure 2. 
 
Fig. 2. Functional scheme of KAMS 
 
The ontology was defined by introducing the vocabulary that should be used to model the process. The 
classes representing the rows materials, all possible liquefaction products, the parameters of reaction were 
defined in OWL with their properties and relations and stored trough the D2RQ platform. 
By defining a corresponding mapping user interfaces where created automatically on the basis of the 
ontology using the Magritte framework in Seaside/Pharo.  
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Using the data input UI, experimental data from the experiences described in [3] and [5] where stored 
and organised as a fact base that associate the conditions with one characteristics of the resulting product 
mix - the DE. 
From the rules defined in the ontology, a set was selected to form a rule base to be used in the 
inference implied by the decision support system. The selection of rules was performed using domain 
knowledge and was optimized by comparing the inferred answer for facts from the fact base. 
The optimised set was then used to perform inferences to generate new facts. The inferences were 
performed using a fuzzy inference engine built with jFuzzyLogic Java packages. Membership functions 
were defined for the fuzzification of the process conditions and the results of the inference over the Rule 
Base were defuzzyfied to crisp DE values. The results of the inference were then added to the Facts Base. 
The Fact Base can be interrogated trough the Data Query UI which is also generated based on the 
Ontology.  
In this stage of the development the system can suggest the optimal condition for the amidon 
hydrolysisi to a given DE. 
4. Conclusion 
The tests had shown that the implemented KAMS provides support for:  
- Distributed acquisition of the scientific data generated by the researchers;  
- Structured data storage;  
- Support for the generation and storage of knowledge on the starch bioconversion. 
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